BACKGROUND: The peak in incidence of ovarian cancer occurs around 65 years and concurrent increasing risk by age for a number of diseases strongly influence treatment and prognosis. The aim was to explore prevalence and incidence of co-morbidity in ovarian cancer patients compared with the general population. METHODS: The study population was patients with ovarian cancer in Sweden 1993Sweden -2006 and five controls per case (n ¼ 55 687). Co-morbidity from 1987 to 2006 was obtained from the Swedish Patient Register. Prevalent data were analysed with logistic regression and incident data with Cox proportional hazards models. RESULTS: Women developing ovarian cancer did not have higher overall morbidity than other women earlier than 3 months preceding cancer diagnosis. However, at time of diagnosis 11 of 13 prevalent diagnosis groups were more common among ovarian cancer patients compared with controls. The incidence of many common diagnoses was increased several years following the ovarian cancer and the most common diagnoses during the follow-up period were thromboembolism, haematologic and gastrointestinal complications. CONCLUSION: Women developing ovarian cancer do not have higher overall morbidity the years preceding cancer diagnosis. The incidence of many common diagnoses was increased several years following the ovarian cancer. It is crucial to consider time between co-morbidity and cancer diagnosis to understand and interpret associations.
Ovarian cancer has the highest mortality rate among all gynaecological malignancies with an overall 5-year survival proportion in the Nordic countries of around 40% Storm et al, 2010) . The incidence in the Nordic countries is 10.4 per 100 000 person years (2004) (2005) (2006) (2007) (2008) but is approximately five times higher for women over 65 years of age . The steep increase in incidence by age makes the presence of other diseases an important factor affecting cancer morbidity and mortality. Both chronic co-morbidities and acute conditions influence the treatment and prognosis of ovarian cancer (Cloven et al, 1999; Elit et al, 2008; Fader et al, 2008) .
It is a challenge to evaluate the influence of co-morbidity and the knowledge of the significance in ovarian cancer patients is limited. In studies with the aim to evaluate the impact of patient's total co-morbidity as a predictor of outcome, an index can be valuable (de Groot et al, 2003) . However, if a specific co-diagnosis is to be studied, very large study populations are needed to achieve sufficient power, as ovarian cancer is a rare diagnosis. Another issue is that some diagnoses are characterised as acute conditions and is preferably measured as incidence, while others are more chronic in their character, and are best described in prevalence analyses. Co-morbidity can be a consequence of cancer, cause cancer, or by chance, be diagnosed at the same time as the cancer. Accordingly, the time window in relation to cancer diagnosis must be taken into consideration.
The aim of this study was to estimate prevalent and incident pre-defined co-morbidity at certain time periods in relation to ovarian cancer diagnosis and to evaluate the occurrence in comparison with the general population, using the Swedish national-based databases.
MATERIALS AND METHODS

The Cancer and Co-morbidity Database
The Cancer and Co-morbidity Database (CaCom) is a compilation of Swedish national health registries and contains all cases of cancer registered in the Swedish National Cancer Register (NCR) between 1992 and 2006; and in addition, there is information on any prior cancers reported in these same individuals in the period from 1958 to 1991. The database also includes B1.5 million control individuals randomly sampled from the Register of the Total Population (RTP) by Statistics Sweden, and matched to have the same distribution with respect to age, sex and calendar year as all cases of cancer in the database. These individuals (cancer cases and population controls) are linked to the nationwide Swedish Cause of Death Register to obtain date and cause of death for deceased individuals, and with the Swedish Patient Register to obtain all in-patient discharge data for all hospitalisations in these individuals occurring from 1987 up to 2006. In this study, we used the database to explore pre-defined co-morbidities among patients with ovarian cancer.
Patient population
The study patient population was defined as all patients in the CaCom database diagnosed with ovarian cancer (ICD-7 code 175) from 1 January 1993 up to 30 November 2006. The patients should be alive at 30 days after diagnosis to exclude those 'fatal at diagnosis' and restrict the study to ovarian cancer patients potentially amenable to treatment in routine medical care. Patients with a pathology diagnosis (SNOMED classification) of borderline tumour or tumours considered as benign (i.e., thecoma and cystadenoma) were excluded from the analyses. Pathological diagnoses were grouped into six categories; high-risk epithelial including the serous and endometroid adenocarcinomas, anaplastic, small cell and poorly differentiated carcinomas; medium-risk epithelial including the mucinous adenocarcinomas, clear cell carcinomas, and mesonefroid cancers; germ cell tumours, stroma cell tumours and sarcomas are classified according to standard definitions. The category other tumours includes varying histology such as poorly defined tumours, squamous cell cancers and neuroendocrine tumours.
Control population
To each cancer case, up to five controls matched by year of birth, were randomly selected among the 0.75 million control women in the CaCom database. The controls were assigned the same date for start of follow-up as the matched case; this date was defined as diagnosis date for ovarian cancer plus 30 days, and defined as the index date. The controls were not allowed to have an ovarian cancer diagnosed before the corresponding matched case date of diagnosis, and were censored on the relevant date if they contracted an ovarian cancer diagnosis during the follow-up.
Sources of data
The Swedish Cancer Register was founded in 1958 and contains information about clinical and histological diagnosis and date and place of living at diagnosis. It is updated annually and reported valid information on 497% of all patients with cancer (Barlow et al, 2009) . The Cancer Register converts all diagnoses into ICD-7 in order to be able to make comparisons over time.
The Swedish Patient Register includes data on dates of each hospital admission, main discharge diagnosis and secondary diagnoses if occurring. The routines of recording and forwarding diagnoses are standardised across Sweden. In CaCom, we identified 40 different co-morbidities from the Swedish Patient Register by diagnostic codes according to the ICD classification, ninth and tenth revision (ICD-9 and ICD-10), which were categorised into 13 major disease groups (see Appendix Table A1 ).
The Cause of Death Register contains data on dates and causes of death for Swedish citizens since 1961. The coverage is 499.5% and data are updated annually.
Statistical analyses
The prevalence of a specified co-morbidity was defined as having one of the selected diseases either as a primary or as a secondary discharge diagnosis from 10 years before the ovarian cancer diagnosis up to 30 days after. The estimates on relative prevalence were calculated with a conditional logistic regression model, conditioned on age in 5-year strata and calendar year of diagnosis. Results were presented as odds ratios (ORs) with 95% confidence intervals (CIs). Additionally, analyses of the prevalence of co-morbidity for the most common histological tumour types, high-risk and medium-risk epithelial tumours were performed.
The incidence of specified condition was defined as having an admission in the period starting at 30 days after the ovarian cancer diagnosis until end of follow-up. End of follow-up was the first date of an admission with the diagnosis of interest, date of death, date of ovarian cancer diagnosis for a control subject, or 31 December 2006, whichever came first.
The analysis of incidence can be considered as a series of exposed and unexposed individuals with different outcomes of interest, where the exposure is an ovarian cancer diagnosis. Accordingly, we used Cox proportional hazards models for these analyses and the results are presented as hazard ratios (HR) together with 95% CIs. The proportional hazards assumption was investigated by allowing different HRs during the first year of follow-up and the subsequent years.
Sensitivity analyses
A number of sensitivity analyses were performed. For the analyses of prevalence, we first restricted the diagnoses to primary diagnoses and second we disregarded admissions up to 90 days before the ovarian cancer diagnosis. For the analyses of incidence, we calculated the HR for the entire follow-up period, the first year only and when excluding already prevalent disease (diagnosed before or up to 30 days after ovarian cancer diagnosis).
The study was approved by one of the regional ethical boards at Karolinska Institutet, Stockholm.
RESULTS
Population characteristics
In total, 11 139 patients with invasive ovarian cancer were identified. Median age at diagnosis was 63 years and 49% got their ovarian cancer diagnosis at between 50 and 69 years of age. The most common tumour type was high-risk epithelial tumours (76.9%). Table 1 illustrates relative survival according to age, year of diagnosis and histological subtype. The median survival was 653 days for all ovarian cancer patients. Older women had a shorter median survival than younger, more apparent in 5-year than in 1-year survival. Since we only had survival data until 2006, patients Evaluation of prevalent and incident ovarian cancer co-morbidity K Stålberg et al diagnosed 2002 and later were not included in the survival analyses. Patients with ovarian sarcomas had the poorest 5-year survival rate (21%); followed by high-risk epithelial and mediumrisk epithelial tumours. Patients with germ cell and stroma cell tumours had a high 5-year survival rate of 86-89%. Table 2 demonstrates the relative prevalence of 13 categories of comorbidity diagnoses from 10 years before until 30 days after ovarian cancer diagnosis compared with controls. Results indicated that 11 out of 13 of the pre-defined diagnosis groups were more common among ovarian cancer patients than controls. The highest OR for ovarian cancer patients was seen for; haematologic complications (anaemia, neutropenia and thrombocytopenia), with an OR ¼ 3.6 and a prevalence of 4.7% in ovarian cancer patients, thromboembolism (OR ¼ 2.5, 95%, prevalence 3.2%), hypertension (OR ¼ 2.2, prevalence 9.6%) followed by thyroid disease and gastrointestinal (GI) complications (ileus, perforation or GI haemorrhage).
Analysis of co-morbidity
When restricting analyses to primary diagnoses at hospitalisation, four diagnoses had statistically significant higher risk of ovarian cancer compared with controls; thromboembolism (OR ¼ 1.9), haematologic complications (OR ¼ 1.6), GI complications (OR ¼ 1.5) and liver/pancreatic disease (OR ¼ 1.3) ( Table 2) . When excluding co-morbidity diagnosed within 90 days before the ovarian cancer diagnosis, only the risk of liver and pancreatic disease (OR ¼ 1.4) was statistically significant elevated ( Table 2) .
Analyses of prevalent co-morbidity in patients with high-risk and medium-risk epithelial tumours compared with controls are presented in Table 3 . The results were overall similar between the two histological groups. Table 4 demonstrates the relative incidence of co-morbidity overall and the HRs for the first year. The highest risk increase among ovarian cancer patients was for haematologic complications, which was most frequent the first year after diagnosis with an HR of 23.4. There were also large risk increases the first year for thromboembolism and GI complications (HR ¼ 14.9 and 9.2, respectively). Excluding prevalent cases had only minor effects on the results.
DISCUSSION
This study is to our knowledge the largest population-based study of co-morbidity among women with ovarian cancer. We detected several increased co-morbidity conditions at time of diagnosis Evaluation of prevalent and incident ovarian cancer co-morbidity K Stålberg et al of ovarian cancer compared with the general population. When disregarding diagnoses within 90 days of cancer diagnosis, the differences of co-morbidities between cancer patients and general population almost disappeared. The increased incidence of haematologic, thromboembolic and GI complication was most pronounced the first year after ovarian cancer diagnosis, whereas risks of the most other diagnosis groups were increased the whole follow-up period. Abdominal pain, swelling and nausea are the most common symptoms in ovarian cancer (Bankhead et al, 2005; Hippisley-Cox and Coupland, 2012) and might mimic GI disease and liver/gall bladder disease which were common diagnoses among the ovarian cancer patients in the present study. Urinary tract symptoms are also frequent at diagnosis of ovarian cancer (Bankhead et al, 2005) , which was in line with our findings of increased prevalence of such complications close to cancer diagnosis. It is of great clinical importance that the diagnosis of the underlying cancer is not delayed in women with common symptoms from the GI or urinary tract. The prevalence of thromboembolism and anaemia was more than doubled in women later diagnosed with ovarian cancer, which should be bear in mind by the clinician.
Well-known complications in ovarian cancer patients related to treatment and the disease itself are bone marrow suppression, GI problems and thromboembolism. These conditions peaked the first year after diagnosis as expected, but were still significantly increased the following years. This indicates either long-term complications due to treatment or that the cancer itself might cause these problems. In the present study, 11% of the cancer patients developed haematologic complications during the followup period, which is a lower frequency than expected (Nurgalieva et al, 2010) , and must be interpreted as an omission to report these expected findings.
A potential bias in the study was that a cancer diagnosis usually was preceded as well as followed by a period of hospital care due to diagnostic procedures, treatment, symptoms and sometimes complications. The increased probability to detect other conditions (surveillance bias) might influence the comparison with the general population. In this study, we tried to overcome these methodological obstacles by various sensitivity analyses. In the model we disregarded admissions up to 90 days before the ovarian cancer diagnosis, in order to assess the impact of diagnoses being a potential consequence of the ovarian cancer in occult form, or an effect of the increased diagnostic intensity due to the developing ovarian cancer symptoms before registered diagnosis. In the other prevalence analysis model, we included primary diagnoses only in order to include only the most clinically important diagnoses.
These two adjustments increased the specificity of diagnosis, although at the price of decreased sensitivity. In the studies of incidence, we excluded all patient with a prevalent co-morbidity diagnosis in order to assess 'true incident' occurrences of a diagnosis (i.e., new cases in previously healthy patients), in order to avoid potential bias of incidences and HRs due to detection of recurring conditions or registration of chronic conditions. These exclusions had no major effects on the results and it should be noted that the start of follow-up was 30 days after cancer diagnosis. Since the risk of developing ovarian cancer and co-morbidity may vary with other factors in life, such as socioeconomic status, parity and ethnicity (Jensen et al, 2008; Mousavi et al, 2011) these parameters might have a confounding influence on our results. In this large study population, we did not have access to all this information; however, our results show that the spectrum of diseases between groups was similar 43 months before diagnoses and this speaks against a major bias.
We did not have access to data on FIGO stage of the diagnosed cancer. To approximate the influence of the malignant potential of the ovarian cancer, we performed subgroup analyses according to histological subtype in epithelial tumours. The tumour type in the medium-risk group (mucinous adenocarcinomas, clear cell carcinomas and mesonefroid cancers) is more often diagnosed in an early stage than the high-risk tumours (seropapillar, endometroid and poorly differentiated tumours) (Bjorge et al, 1998) . Although the differences between the histological types were minor, the prevalence of cardiovascular disease and urinary tract complications was significantly increased in patients with highrisk tumours only.
The Swedish Patient Register does not historically include diagnoses from outpatient care during the study period. This might lead to underestimation of not emergent conditions, such as hypertension, thyroid disease and diabetes in the control group and might explain the increased prevalence of these conditions close to cancer diagnosis. However, diagnosing of these conditions earlier than 3 months before cancer diagnosis should not differ between cancer cases and controls. Patients with acute conditions such as thrombosis and cerebrovascular events are most likely to be hospitalised and are therefore less likely to introduce bias.
An association between hypertension or alternatively hypertensive drugs and cancer, including ovarian cancer, has previously been found (Peeters et al, 1998; Grossman et al, 2002; Assimes and Suissa, 2009; Largent et al, 2010) . In addition, diabetes mellitus has been suggested as a risk factor for ovarian cancer as well as other cancers (Swerdlow et al, 2005; Inoue et al, 2006; Hemminki et al, 2010) . The prevalence was defined as having one of the selected diseases either as a primary or as a secondary discharge diagnosis from 10 years before the ovarian cancer diagnosis up to 30 days after.
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We saw an increased prevalence of hypertension as well as diabetes mellitus in women developing ovarian cancer, but the differences disappeared when disregarding the period of 90 days before cancer diagnosis. The same pattern was seen for cardiovascular disease, thyroid disease and infections. When measuring incidence of co-morbidity from cancer diagnosis and forward, the pattern was slightly different with an increased risk of most internal medicine diagnoses studied among cancer patients. Whether this risk increase is associated with the disease or the treatment cannot be resolved in this study, but it is of clinical importance since it contributes to mortality and morbidity in cancer patients (van de Poll-Franse et al, 2007; Stewart et al, 2010) .
CONCLUSION
Our study illustrates the essentiality of defining co-morbidity related to time window around the cancer diagnosis. Our results indicate that women developing ovarian cancer do not have higher overall morbidity than other women earlier than 3 months preceding cancer diagnosis. However, at time of diagnosis 11 of 13 prevalent diagnosis groups were more common among ovarian cancer patients, but this might be influenced by surveillance bias or early cancer symptoms. The incidence of many common diagnoses as well as other cancers was increased several years following the ovarian cancer. This work is published under the standard license to publish agreement. After 12 months the work will become freely available and the license terms will switch to a Creative Commons Attribution-NonCommercial-Share Alike 3.0 Unported License. 5302, 5310, 5312, 5314, 5316, 5320, 5322, 5324, 5326, 5330, 5332, 5334, 5336, 5340, 5342, 5344, 5346, 5780 Evaluation of prevalent and incident ovarian cancer co-morbidity K Stålberg et al
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